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(54) MULTIWAY SWITCH, RADIO FREQUENCY SYSTEM, AND WIRELESS COMMUNICATION 
DEVICE

(57) A multiway switch, a radio frequency system,
and a wireless communication device are provided. The
multiway switch includes four throw (T) ports and four
pole (P) ports, and the four T ports include one first T
port coupled with all of the four P ports. The multiway
switch is configured to be coupled with a radio frequency
circuit and an antenna system of an electronic device
operable in a dual-frequency single-transmit mode, to
enable a preset function of the electronic device, the an-
tenna system includes four antennas corresponding to
the four P ports, and the preset function is a function of
transmitting a sounding reference signal (SRS) through
the four antennas in turn.
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Description

TECHNICAL FIELD

[0001] This disclosure relates to the field of mobile ter-
minal technologies, and more particularly to a multiway
switch, a radio frequency system, and a wireless com-
munication device.

BACKGROUND

[0002] With the popularity of electronic devices such
as smart phones, the smart phone can support an in-
creasing number of applications and is becoming more
and more powerful. The smart phone is developing in a
diversified and personalized way, becoming an indispen-
sable electronic product in users’ life. In the fourth gen-
eration (4G) mobile communication system, the electron-
ic device generally adopts a single-antenna or dual-an-
tenna radio frequency (RF) system architecture. Current-
ly, in a new radio (NR) system of the fifth generation (5G)
mobile communication system, requirements on an elec-
tronic device supporting a four-antenna RF system ar-
chitecture are proposed.

SUMMARY

[0003] Embodiments of the disclosure provide a mul-
tiway switch, a radio frequency system, and a wireless
communication device.
[0004] According to a first aspect of the disclosure, a
multiway switch is provided. The multiway switch in-
cludes four throw (T) ports and four pole (P) ports. The
four T ports include one first T port coupled with all of the
four P ports.
[0005] The multiway switch is configured to be coupled
with a radio frequency circuit and an antenna system of
an electronic device operable in a dual-frequency single-
transmit mode, to enable a preset function of the elec-
tronic device, the antenna system includes four antennas
corresponding to the four P ports, and the preset function
is a function of transmitting an SRS through the four an-
tennas in turn.
[0006] According to a second aspect of the disclosure,
a radio frequency system is provided. The radio frequen-
cy system includes an antenna system, a radio frequency
transceiver, a radio frequency circuit coupled with the
radio frequency transceiver, and a multiway switch cou-
pled with the radio frequency circuit and the antenna sys-
tem. The multiway switch includes four T ports and four
P ports. The four T ports include one first T port at least
supporting a transmission function and three second T
ports supporting only a reception function. The first T port
is coupled with all of the four P ports. The antenna system
includes four antennas corresponding to the four P ports.
[0007] The multiway switch is configured to enable a
preset function of transmitting an SRS through the four
antennas in turn.

[0008] According to a third aspect of the disclosure, a
wireless communication device is provided. The wireless
communication device includes a radio frequency trans-
ceiver, a radio frequency circuit coupled with the radio
frequency transceiver, an antenna system, and a multi-
way switch coupled with the radio frequency circuit and
the antenna system. The multiway switch includes four
T ports and four P ports. The four T ports include one
first T port coupled with all of the four P ports. The antenna
system includes four antennas corresponding to the four
P ports.
[0009] The multiway switch is configured to enable a
preset function of transmitting an SRS through the four
antennas in turn.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] To describe technical solutions in embodiments
of the present disclosure or in the related art more clearly,
the following briefly introduces the accompanying draw-
ings required for describing the embodiments or the re-
lated art. Apparently, the accompanying drawings in the
following description only illustrate some embodiments
of the present disclosure. Those of ordinary skill in the
art may also obtain other drawings based on these ac-
companying drawings without creative efforts.

FIG. 1 is a schematic structural diagram illustrating
a multiway switch according to an embodiment of
the present disclosure.
FIG. 2 is a schematic structural diagram illustrating
a 4P4T multiway switch according to an embodiment
of the present disclosure.
FIG. 3 is a schematic structural diagram illustrating
a radio frequency circuit including one independent
circuit module according to an embodiment of the
present disclosure.
FIG. 4A is a schematic structural diagram illustrating
a radio frequency circuit including two independent
circuit modules according to an embodiment of the
present disclosure.
FIG. 4B is a schematic structural diagram illustrating
another radio frequency circuit including two inde-
pendent circuit modules according to an embodi-
ment of the present disclosure.
FIG. 4C is a schematic structural diagram illustrating
still another radio frequency circuit including two in-
dependent circuit modules according to an embod-
iment of the present disclosure.
FIG. 5A is a schematic structural diagram illustrating
a radio frequency circuit including three independent
circuit modules according to an embodiment of the
present disclosure.
FIG. 5B is a schematic structural diagram illustrating
another radio frequency circuit including three inde-
pendent circuit modules according to an embodi-
ment of the present disclosure.
FIG. 6 is a schematic structural diagram illustrating
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a radio frequency circuit including four independent
circuit modules according to an embodiment of the
present disclosure.
FIG. 7 is a schematic structural diagram illustrating
an overall architecture of a radio frequency system
of an electronic device according to an embodiment
of the present disclosure.
FIG. 8 is a schematic structural diagram illustrating
a transceiver integrated circuit of a radio frequency
circuit according to an embodiment of the present
disclosure.
FIG. 9 is a schematic structural diagram illustrating
a multiway switch according to an embodiment of
the present disclosure.
FIG. 10 is a schematic structural diagram illustrating
an antenna system of an electronic device according
to an embodiment of the present disclosure.
FIG. 11 is a schematic structural diagram illustrating
another antenna system of an electronic device ac-
cording to an embodiment of the present disclosure.
FIG. 12 is a schematic structural diagram illustrating
a radio frequency system according to an embodi-
ment of the present disclosure.
FIG. 13 is a schematic structural diagram illustrating
a wireless communication device according to an
embodiment of the present disclosure.
FIG. 14 is a schematic diagram illustrating a wireless
charging receiver for multiplexing an antenna of a
wireless communication device according to an em-
bodiment of the present disclosure.
FIG. 15 is a schematic structural diagram illustrating
a loop array antenna composed of four antennas ac-
cording to an embodiment of the present disclosure.

DETAILED DESCRIPTION

[0011] Technical solutions in embodiments of the
present disclosure will be described clearly and com-
pletely hereinafter with reference to the accompanying
drawings described in the previous chapter. Apparently,
the described embodiments are merely some rather than
all embodiments of the present disclosure. All other em-
bodiments obtained by those of ordinary skill in the art
based on the embodiments of the present disclosure
without creative efforts shall fall within the protection
scope of the present disclosure.
[0012] The terms "first", "second", and the like used in
the specification, the claims, and the accompanying
drawings of the present disclosure are used to distinguish
different objects rather than describe a particular order.
In addition, the terms "include", "comprise", and "have"
as well as variations thereof are intended to cover non-
exclusive inclusion. For example, a process, method,
system, product, or apparatus including a series of steps
or units is not limited to the listed steps or units, on the
contrary, it can optionally include other steps or units that
are not listed; alternatively, other steps or units inherent
to the process, method, product, or device can be includ-

ed either.
[0013] The term "embodiment" or "implementation" re-
ferred to herein means that a particular feature, structure,
or feature described in conjunction with the embodiment
may be contained in at least one embodiment of the
present disclosure. The phrase appearing in various
places in the specification does not necessarily refer to
the same embodiment, nor does it refer to an independ-
ent or alternative embodiment that is mutually exclusive
with other embodiments. It is explicitly and implicitly un-
derstood by those skilled in the art that an embodiment
described herein may be combined with other embodi-
ments.
[0014] The electronic device involved in the embodi-
ments of the disclosure may include various handheld
devices, in-vehicle devices, wearable devices, comput-
ing devices that have wireless communication functions
or other processing devices connected to wireless mo-
dems, as well as various forms of user equipments (UE),
mobile stations (MS), terminal devices, and the like. For
the convenience of description, the above-mentioned de-
vices are collectively referred to as an electronic device.
[0015] At present, sounding reference signal (SRS)
switching in four antennas switching of a mobile phone
is a mandatory option for the China mobile communica-
tions corporation (CMCC) in the China mobile fifth gen-
eration (5G) Scale Test Technology White Paper Termi-
nal, which is optional in the third generation partnership
project (3GPP). Its main purpose is for a base station to
determine quality and parameters of four channels via
measuring uplink signals of four antennas of the mobile
phone, to perform a beamforming of a downlink massive
multi-input multi-output (MIMO) antenna array on the four
channels according to a channel reciprocity, and finally
to obtain the best data transmission performance for a
downlink 4x4 MIMO.
[0016] To satisfy requirements of SRS switching in four
antennas switching, a radio frequency architecture
based on a simplified four-pole n-throw (4PnT) antenna
switch is proposed in the embodiments of the disclosure.
Compared with a 3P3T/ DPDT/ multiway small switch
switching scheme, the present switching scheme can re-
duce the number of series switches in each path by in-
tegrating all or part of switches into the 4PnT switch,
thereby reducing link loss and optimizing the overall
transmission and reception performance of the terminal.
The embodiments of the present application are de-
scribed in detail below.
[0017] In the context of the disclosure, "P port" is the
abbreviation of "pole port", which refers to ports coupled
with antennas of a multiway switch. "T port" is the abbre-
viation of "throw port", which refers to ports coupled with
radio frequency modules of the multiway switch. The mul-
tiway switch is a four-pole four-throw (4P4T) switch for
example. "Module" can refer to circuits and any combi-
nation of related components.
[0018] In the context of the disclosure, the abbreviation
"LNA" refers to a low-noise amplifier and the abbreviation
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"PA" refers to a power amplifier.
[0019] According to an embodiment of the disclosure,
a multiway switch is provided. The multiway switch in-
cludes four T ports and four P ports. The four T ports
include one first T port coupled with all of the four P ports.
The multiway switch is configured to be coupled with a
radio frequency circuit and an antenna system of an elec-
tronic device operable in a dual-frequency single-trans-
mit mode, to enable a preset function of the electronic
device. The antenna system includes four antennas cor-
responding to the four P ports. The preset function is a
function of transmitting an SRS through the four antennas
in turn.
[0020] According to an embodiment of the disclosure,
a radio frequency system is provided. The radio frequen-
cy system includes an antenna system, a radio frequency
transceiver, a radio frequency circuit coupled with the
radio frequency transceiver, and a multiway switch cou-
pled with the radio frequency circuit and the antenna sys-
tem. The multiway switch includes four T ports and four
P ports. The four T ports include one first T port at least
supporting a transmission function and three second T
ports supporting only a reception function. The first T port
is coupled with all of the four P ports. The antenna system
includes four antennas corresponding to the four P ports.
The multiway switch is configured to enable a preset func-
tion of transmitting an SRS through the four antennas in
turn.
[0021] According to an embodiment of the disclosure,
a wireless communication device is provided. The wire-
less communication device includes a radio frequency
transceiver, a radio frequency circuit coupled with the
radio frequency transceiver, an antenna system, and a
multiway switch coupled with the radio frequency circuit
and the antenna system. The multiway switch includes
four T ports and four P ports. The four T ports include
one first T port coupled with all of the four P ports. The
antenna system includes four antennas corresponding
to the four P ports. The multiway switch is configured to
enable a preset function of transmitting an SRS through
the four antennas in turn.
[0022] FIG. 1 is a schematic structural diagram illus-
trating a multiway switch 10 according to an embodiment
of the present disclosure. As illustrated in FIG. 1, the
multiway switch 10 is applicable to an electronic device
100, the electronic device 100 is operable in a dual-fre-
quency single-transmit mode and includes an antenna
system 20 and a radio frequency circuit 30. The antenna
system 20 includes four antennas. The multiway switch
10 includes four T ports and four P ports. The four T ports
include one first T port coupled with all of the four P ports
(that is, fully-coupled). The four antennas correspond to
the four P ports; specifically, the four antennas and the
four P ports are in one-to-one correspondence.
[0023] The multiway switch 10 is configured to be cou-
pled with the radio frequency circuit 30 and the antenna
system 20 to implement a preset function of the electronic
device 100, and the preset function is a function of trans-

mitting an SRS through the four antennas corresponding
to the four P ports in turn.
[0024] Since four T ports are included, the 4PnT mul-
tiway switch is simplified to 4P4T in embodiments of the
present disclosure.
[0025] The transmit antennas refer to antennas sup-
porting a transmission function (that is, a signal trans-
mission function) of the four antennas.
[0026] The concept of coupling, full coupling, or other
kinds of coupling between the T ports and the P ports of
the multiway switch described in the embodiments of the
disclosure refers to a state in which the T ports are cou-
pled with the P ports through first switch transistors. The
concept of "full coupling" (fully coupled) of the T ports
and the P ports of the multiway switch described in the
embodiments of the disclosure refers to a state in which
the T ports are coupled with all of the P ports through
first switch transistors. For example, a first T port is fully
coupled with four P ports, which means the first T port is
coupled with all of the four P ports. It should be noted
that, one T port or one P port may be one port of a second
switch transistor. The first switch transistors are config-
ured to control a unidirectional conduction state between
the T ports and the P ports (i.e., a unidirectional conduc-
tion state from the T ports to the P ports or from the P
ports to the T ports). The first switch transistor can be,
for example, a switch array composed of three metal-
oxide-semiconductor (MOS) transistors. When the first
switch transistor is disconnected and not grounded, par-
asitic parameters will greatly affect performance of other
connected ports. Therefore, the first switch transistor is
implemented with three MOS transistors, where the three
MOS transistors can be in a common source connection,
that is, coupled at a common source. When the first
switch transistor is disconnected, two MOS transistors
at two ends are disconnected and one MOS transistor in
the middle is grounded. The second switch transistor is
configured to enable a corresponding port (i.e., a T port
or a P port) and can be, for example, a MOS transistor.
It should be noted that, the specific configurations of the
first switch transistor and the second switch transistor
are not limited herein. In an implementation, the electron-
ic device can control paths between the T port and the
P port to switch on through the first switch transistor. As
an implementation, the electronic device can be provided
with a dedicated controller to be coupled with switch tran-
sistors of the multiway switch.
[0027] The transmitting an SRS through the four an-
tennas corresponding to the four P ports in turn refers to
a process in which an electronic device interacts with a
base station based on a polling mechanism to determine
quality of an uplink channel corresponding to each an-
tenna.
[0028] The electronic device can be a mobile phone or
other terminal devices supporting the fifth generation new
radio (5G NR), such as a customer premise equipment
(CPE) or a portable broadband wireless device (for ex-
ample, a mobile wifi, MIFI).
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[0029] The dual-frequency single-transmit mode
above refers to an operating mode in which the electronic
device can support dual frequency band-one uplink (UL)
transmit path or dual frequency band-four downlink (DL)
receive paths.
[0030] The first T port is a port fully coupled with the
four P ports. The four T ports further include second T
ports, and each of the second T ports is coupled with one
of the four P ports.
[0031] In addition, the electronic device further in-
cludes a radio frequency transceiver. The radio frequen-
cy transceiver is coupled with the radio frequency circuit
and constitutes a radio frequency system of the electronic
device together with the radio frequency circuit, the mul-
tiway switch, and the antenna system.
[0032] In an implementation, the electronic device fur-
ther includes a radio frequency transceiver. The radio
frequency transceiver is coupled with the radio frequency
circuit and constitutes a radio frequency system of the
electronic device together with the radio frequency cir-
cuit, the multiway switch, and the antenna system.
[0033] FIG. 2 is a schematic structural diagram illus-
trating a multiway switch. "NR Band Nx" indicates a first
frequency band. "NR Band Ny" indicates a second fre-
quency band. "TRX1" represents a first T port that sup-
ports a transmission-reception function. "RX2" repre-
sents a second T port 2 supporting a reception function,
"RX3" represents a second T port 3 supporting a recep-
tion function, and "RX4" represents a second T port 4
supporting a reception function.
[0034] In this implementation, the electronic device in-
cludes the antenna system, the radio frequency circuit,
and the multiway switch. The antenna system includes
the four antennas. The multiway switch includes the four
T ports and the four P ports. The multiway switch is con-
figured to be coupled with the radio frequency circuit and
the antenna system to enable a function of the electric
device of transmitting an SRS through the four antennas
corresponding to the four P ports in turn.
[0035] In one possible implementation, the four T ports
further include three second T ports. Each of the three
second T ports is coupled with one of the four P ports,
and among the three second T ports, second T ports
operable at the same frequency band are coupled with
different P ports of the four P ports. Each of the four P
ports is coupled with a corresponding antenna of the four
antennas. The first T port at least supports a transmission
function and the three second T ports only support a re-
ception function.
[0036] Among the three second T ports, second T ports
operable at the same frequency band are coupled with
different P ports of the four P ports (in other words, any
two T ports of same frequency band are coupled with
different P ports). The expression of "the first T port at
least supporting a transmission function" refers to the
first T port supporting at least one of a transmission-re-
ception function (that is, a signal transmission-reception
function) and a transmission function, in other words, the

first T port supports a transmission-reception function, a
transmission function, or a transmission-reception func-
tion and a transmission function.
[0037] When the electronic device is in a downlink 4*4
multiple-input multiple-output (MIMO) mode, the four T
ports in receiving state at the same frequency band are
coupled with the four P ports in one-to-one correspond-
ence.
[0038] In this implementation, since the multiway
switch includes the first T port and the three second T
ports, in comparison with a configuration in which all T
ports are fully coupled with P ports, for the multiway
switch provided herein, the number of switches is re-
duced. That is, the number of the switches of transmit
paths and/or receive paths of the radio frequency system
of the electronic device can be reduced, thereby reducing
path loss, improving transmit power/sensitivity, data
transmission rate in the 5G NR, uplink and downlink cov-
erage of the mobile phone, and reducing power con-
sumption and cost.
[0039] In one possible implementation, the radio fre-
quency circuit of the electronic device logically includes
two transmitter circuits and eight receiver circuits. The
radio frequency circuit physically includes one independ-
ent circuit module. The independent circuit module has
one transmit-receive port and multiple receive ports. The
transmit-receive port is configured to be coupled with the
first T port. Each receive port is configured to be coupled
with a corresponding second T port, that is, the multiple
receive ports are configured to be coupled with multiple
second T ports in one-to-one correspondence.
[0040] The transmit-receive port mentioned above is
a port supporting a transmission-reception function and
a transmission function, and each receive port is config-
ured to be coupled with one second T port. The "transmit-
receive port", "transmit port", or "receive port" refers to a
port (may be composed of one or more components)
which implements a corresponding transmission and/or
reception function and is located on the path of a trans-
mitter circuit, on the path of a receiver circuit, or located
on the path after integration of one or more transmitter
circuits and/or one or more receiver circuits. It should be
noted that the ports such as transmit ports, receive ports,
and transmit-receive ports illustrated in the figures are
exemplary and do not intend to indicate an exact port
position and impose any restrictions.
[0041] The radio frequency circuit described as sepa-
rated modules may be physically separated or logically
separated. The terms "physically" or "logically" therein
may be adopted according to an actual need, to imple-
ment the objective of solutions provided in the disclosure.
In other words, "physically" or "logically" can be equiva-
lent to each other.
[0042] In one possible implementation, the independ-
ent circuit module is embodied as a first independent
circuit module 310 including one first port and multiple
second ports, the first port is configured to be coupled
with the first T port of the multiway switch, and each sec-
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ond port is configured to be coupled with a corresponding
second T port of the multiway switch (that is, one of the
three second T ports of the multiway switch). The first
independent circuit module 310 includes one transceiver
integrated circuit and three receiver integrated circuits.
The transceiver integrated circuit includes two transceiv-
er circuits, and the two transceiver circuits have two trans-
mit-receive ports coupled with the first port of the first
independent circuit module 310. Each of the two trans-
ceiver circuits includes one receiver circuit and one trans-
mitter circuit. Each of the three receiver integrated circuits
includes two receiver circuits, and the two receiver cir-
cuits have two receive ports coupled with one of the sec-
ond ports of the first independent circuit module 310.
[0043] As illustrated in FIG. 3, the radio frequency cir-
cuit includes one first independent circuit module 310.
Since the dual-frequency single-transmit mode is sup-
ported in the disclosure, the two transmitter circuits be-
long to transmitter circuits operable at different frequency
bands, and PAs of the two transmitter circuits cannot
work at the same time. As a result, the two transmitter
circuits at different frequency bands can be provided in
the same independent circuit module.
[0044] It should be noted that, the receiver circuit and
the transmitter circuit of each transceiver circuit are op-
erable at the same frequency band, the transceiver cir-
cuits of the transceiver integrated circuit are operable at
different frequency bands, and the two receiver circuits
of the receiver integrated circuit are operable at different
frequency bands.
[0045] In this implementation, for the electronic device
operable in the dual-frequency single-transmit mode, the
radio frequency circuit adapted to the multiway switch
physically includes one independent circuit module,
which is beneficial to reducing the use of electronic com-
ponents, thereby simplifying the structure and reducing
cost.
[0046] In some possible implementations, the radio
frequency circuit of the electronic device logically in-
cludes two transmitter circuits and eight receiver circuits.
The radio frequency circuit physically includes two inde-
pendent circuit modules. The two independent circuit
modules have one transmit-receive port and multiple re-
ceive ports. The transmit-receive port is configured to be
coupled with the first T port. Each receive port is config-
ured to be coupled with a corresponding second T port,
that is, the multiple receive ports are configured to be
coupled with multiple second T ports in one-to-one cor-
respondence.
[0047] In this implementation, the radio frequency cir-
cuit physically includes two independent circuit modules,
and each of the two independent circuit modules has a
variety of possible configurations, which is beneficial to
improving the diversity and flexibility of the physical con-
figuration of the radio frequency circuit.
[0048] In one possible implementation, the two inde-
pendent circuit modules are embodied as one first inde-
pendent circuit module 410 and one second independent

circuit module 420. The first independent circuit module
410 includes one first port configured to be coupled with
the first T port of the multiway switch. The second inde-
pendent circuit module 420 includes multiple second
ports and each second port is configured to be coupled
with a corresponding second T port of the multiway switch
(that is, one of the three second T ports of the multiway
switch).
[0049] The first independent circuit module 410 in-
cludes one transceiver integrated circuit. The transceiver
integrated circuit includes two transceiver circuits, and
the two transceiver circuits have two transmit-receive
ports coupled with the first port of the first independent
circuit module 410. Each of the two transceiver circuits
includes one receiver circuit and one transmitter circuit.
[0050] The second independent circuit module 420 in-
cludes three receiver integrated circuits. Each of the
three receiver integrated circuits includes two receiver
circuits, and the two receiver circuits have two receive
ports coupled with one of the second ports of the second
independent circuit module 420.
[0051] The radio frequency circuit including two inde-
pendent circuit modules is illustrated in FIG. 4A. The
transceiver integrated circuit is disposed in the first inde-
pendent circuit module 410 separately, and the three re-
ceiver integrated circuits are disposed in the second in-
dependent circuit module 420 collectively.
[0052] In this implementation, the radio frequency cir-
cuit physically includes two independent circuit modules,
and the two independent circuit modules are respectively
configured with different types of processing circuits,
which is beneficial to simplifying the radio frequency cir-
cuit and improving the reusability of different types of
processing circuits.
[0053] In one possible implementation, the two inde-
pendent circuit modules are embodied as one first inde-
pendent circuit module 430 and one second independent
circuit module 440. The first independent circuit module
430 includes one first port and one second port, the first
port is configured to be coupled with the first T port of the
multiway switch, and the second port of the first inde-
pendent circuit module 430 is configured to be coupled
with a corresponding second T port of the multiway switch
(that is, one of the three second T ports of the multiway
switch). The second independent circuit module 440 in-
cludes multiple second ports, and each second port of
the second independent circuit module 440 is configured
to be coupled with a corresponding second T port of the
multiway switch (that is, one of the three second T ports
of the multiway switch).
[0054] The first independent circuit module 430 in-
cludes one transceiver integrated circuit and one receiver
integrated circuit. The transceiver integrated circuit in-
cludes two transceiver circuits, and the two transceiver
circuits have two transmit-receive ports coupled with the
first port of the first independent circuit module 430. Each
of the two transceiver circuits includes one receiver circuit
and one transmitter circuit. The receiver integrated circuit
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of the first independent circuit module 430 includes two
receiver circuits, and the two receiver circuits have two
receive ports coupled with the second port of the first
independent circuit module 430.
[0055] The second independent circuit module 440 in-
cludes two receiver integrated circuits. Each of the two
receiver integrated circuits of the second independent
circuit module 440 includes two receiver circuits, and the
two receiver circuits have two receive ports coupled with
one of the second ports of the second independent circuit
module 440.
[0056] The radio frequency circuit including two inde-
pendent circuit modules is illustrated in FIG. 4B. The first
independent circuit module 430 and the second inde-
pendent circuit module 440 have the same number of
processing circuits and ports.
[0057] In this implementation, the radio frequency cir-
cuit physically includes two independent circuit modules,
and the two independent circuit modules have the same
number of processing circuits and ports, which is bene-
ficial to reducing the volume of each circuit module and
the number of switches of each circuit module.
[0058] In one possible implementation, the two inde-
pendent circuit modules are embodied as one first inde-
pendent circuit module 450 and one second independent
circuit module 460. The first independent circuit module
450 includes one first port and multiple second ports, the
first port is configured to be coupled with the first T port
of the multiway switch, and each second port of the first
independent circuit module 450 is configured to be cou-
pled with a corresponding second T port of the multiway
switch (that is, one of the three second T ports of the
multiway switch). The second independent circuit mod-
ule 460 includes one second port, and the second port
of the second independent circuit module 460 is config-
ured to be coupled with a corresponding second T port
of the multiway switch (that is, one of the three second
T ports of the multiway switch).
[0059] The first independent circuit module 450 in-
cludes one transceiver integrated circuit and two receiver
integrated circuits. The transceiver integrated circuit in-
cludes two transceiver circuits, and the two transceiver
circuits have two transmit-receive ports coupled with the
first port of the first independent circuit module 450. Each
of the two transceiver circuits includes one receiver circuit
and one transmitter circuit. Each of the two receiver in-
tegrated circuits of the first independent circuit module
450 includes two receiver circuits, and the two receiver
circuits have two receive ports coupled with one of the
second ports of the first independent circuit module 450.
[0060] The second independent circuit module 460 in-
cludes one receiver integrated circuit. The receiver inte-
grated circuit of the second independent circuit module
460 includes two receiver circuits, and the two receiver
circuits have two receive ports coupled with the second
port of the second independent circuit module 460.
[0061] The radio frequency circuit including two inde-
pendent circuit modules is illustrated in FIG. 4C. The sec-

ond independent circuit module 460 only includes one
receiver integrated circuit, and the first independent cir-
cuit module 450 includes other circuits except one re-
ceiver integrated circuit.
[0062] In this implementation, the radio frequency cir-
cuit physically includes two independent circuit modules,
and one of the two independent circuit modules is only
provided with one receiver integrated circuit, which is
beneficial to improving the reusability of independent cir-
cuit modules, and to improving the convenience and flex-
ibility of radio frequency circuit configuration.
[0063] In some possible implementations, the radio
frequency circuit of the electronic device logically in-
cludes two transmitter circuits and eight receiver circuits.
The radio frequency circuit physically includes three in-
dependent circuit modules. The three independent circuit
modules have one transmit-receive port and multiple re-
ceive ports. The transmit-receive port is configured to be
coupled with the first T port. Each receive port is config-
ured to be coupled with a corresponding second T port,
that is, the multiple receive ports are configured to be
coupled with multiple second T ports in one-to-one cor-
respondence.
[0064] In this implementation, the radio frequency cir-
cuit physically includes three independent circuit mod-
ules, and the volume of each independent circuit module
is further reduced. Moreover, fewer processing circuits
of each independent circuit module will result in a higher
reusability of each independent circuit module. Also, it is
possible to enhance the adaptability of the installation of
each independent circuit module.
[0065] In one possible implementation, the three inde-
pendent circuit modules are embodied as one first inde-
pendent circuit module 510, one second independent cir-
cuit module 520, and one third independent circuit mod-
ule 530. The first independent circuit module 510 in-
cludes one first port configured to be coupled with the
first T port of the multiway switch. The second independ-
ent circuit module 520 includes multiple second ports and
the third independent circuit module 530 includes one
second port, and each second port is configured to be
coupled with a corresponding second T port of the mul-
tiway switch (that is, one of the three second T ports of
the multiway switch).
[0066] The first independent circuit module 510 in-
cludes one transceiver integrated circuit. The transceiver
integrated circuit includes two transceiver circuits, and
the two transceiver circuits have two transmit-receive
ports coupled with the first port of the first independent
circuit module 510. Each of the two transceiver circuits
includes one receiver circuit and one transmitter circuit.
[0067] The second independent circuit module 520 in-
cludes two receiver integrated circuits. Each of the two
receiver integrated circuits of the second independent
circuit module 520 includes two receiver circuits, and the
two receiver circuits have two receive ports coupled with
one of the second ports of the second independent circuit
module 520.
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[0068] The third independent circuit module 530 in-
cludes one receiver integrated circuit. The receiver inte-
grated circuit of the third independent circuit module 530
includes two receiver circuits, and the two receiver cir-
cuits have two receive ports coupled with the second port
of the third independent circuit module 530.
[0069] The radio frequency circuit including three in-
dependent circuit modules is illustrated in FIG. 5A. The
first independent circuit module 510, the second inde-
pendent circuit module 520, and the third independent
circuit module 530 are different from each other and are
composed of different processing circuits.
[0070] In this implementation, the radio frequency cir-
cuit physically includes three independent circuit mod-
ules, and each of the three independent circuit modules
has a different configuration, which is beneficial to im-
proving the reusability of each independent circuit mod-
ule and to improving the diversity of each independent
circuit module.
[0071] In one possible implementation, the three inde-
pendent circuit modules are embodied as one first inde-
pendent circuit module 540, one second independent cir-
cuit module 550, and one third independent circuit mod-
ule 560. The first independent circuit module 540 in-
cludes one first port and one second port, the first port
is configured to be coupled with the first T port of the
multiway switch, and the second port of the first inde-
pendent circuit module 540 is configured to be coupled
with a corresponding second T port of the multiway switch
(that is, one of the three second T ports of the multiway
switch). The second independent circuit module 550 and
the third independent circuit module 560 each include
one second port, and each second port is configured to
be coupled with a corresponding second T port of the
multiway switch (that is, one of the three second T ports
of the multiway switch).
[0072] The first independent circuit module 540 in-
cludes one transceiver integrated circuit and one receiver
integrated circuit. The transceiver integrated circuit in-
cludes two transceiver circuits, and the two transceiver
circuits have two transmit-receive ports coupled with the
first port of the first independent circuit module 540. Each
of the two transceiver circuits includes one receiver circuit
and one transmitter circuit. The receiver integrated circuit
of the first independent circuit module 540 includes two
receiver circuits, and the two receiver circuits have two
receive ports coupled with the second port of the first
independent circuit module 540.
[0073] The second independent circuit module 550 in-
cludes one receiver integrated circuit. The receiver inte-
grated circuit of the second independent circuit module
550 includes two receiver circuits, and the two receiver
circuits have two receive ports coupled with the second
port of the second independent circuit module 550.
[0074] The third independent circuit module 560 in-
cludes one receiver integrated circuit. The receiver inte-
grated circuit of the third independent circuit module 560
includes two receiver circuits, and the two receiver cir-

cuits have two receive ports coupled with the second port
of the third independent circuit module 560.
[0075] The radio frequency circuit including three in-
dependent circuit modules is illustrated in FIG. 5B. The
three independent circuit modules include one first inde-
pendent circuit module 540, one second independent cir-
cuit module 550, and one third independent circuit mod-
ule 560, where the second independent circuit module
550 and the third independent circuit module 560 have
the same configuration.
[0076] In this implementation, the radio frequency cir-
cuit physically includes three independent circuit mod-
ules, and the configurations of two independent circuit
modules among the three independent circuit modules
are the same, which is beneficial to improving the con-
venience of the production of the radio frequency circuit
and the plasticity of the installation of the radio frequency
circuit, while reducing the volume of each independent
circuit module.
[0077] In one possible implementation, the radio fre-
quency circuit of the electronic device logically includes
two transmitter circuits and eight receiver circuits. The
radio frequency circuit physically includes four independ-
ent circuit modules. The four independent circuit modules
have one transmit-receive port and multiple receive
ports. The transmit-receive port is configured to be cou-
pled with the first T port. Each receive port is configured
to be coupled with a corresponding second T port, that
is, the multiple receive ports are configured to be coupled
with multiple second T ports in one-to-one correspond-
ence.
[0078] In this implementation, the radio frequency cir-
cuit is divided into four independent circuit modules and
each independent circuit module can have a volume as
small as possible, which is beneficial to improving the
diversity of the radio frequency circuit including the four
independent circuit modules, and to applying the radio
frequency circuit to various electronic devices.
[0079] In one possible implementation, the four inde-
pendent circuit modules are embodied as one first inde-
pendent circuit module 610, one second independent cir-
cuit module 620, one third independent circuit module
630, and one fourth independent circuit module 640. The
first independent circuit module 610 includes one first
port configured to be coupled with the first T port of the
multiway switch. The second independent circuit module
620, the third independent circuit module 630, and the
fourth independent circuit module 640 each include one
second port, and each second port is configured to be
coupled with a corresponding second T port of the mul-
tiway switch (that is, one of the three second T ports of
the multiway switch).
[0080] The first independent circuit module 610 in-
cludes one transceiver integrated circuit. The transceiver
integrated circuit includes two transceiver circuits, and
the two transceiver circuits have two transmit-receive
ports coupled with the first port of the first independent
circuit module 610. Each of the two transceiver circuits

13 14 



EP 3 540 965 A1

9

5

10

15

20

25

30

35

40

45

50

55

includes one receiver circuit and one transmitter circuit.
[0081] The second independent circuit module 620 in-
cludes one receiver integrated circuit. The receiver inte-
grated circuit of the second independent circuit module
620 includes two receiver circuits, and the two receiver
circuits have two receive ports coupled with the second
port of the second independent circuit module 620.
[0082] The third independent circuit module 630 in-
cludes one receiver integrated circuit. The receiver inte-
grated circuit of the third independent circuit module 630
includes two receiver circuits, and the two receiver cir-
cuits have two receive ports coupled with the second port
of the third independent circuit module 630.
[0083] The fourth independent circuit module 640 in-
cludes one receiver integrated circuit. The receiver inte-
grated circuit of the fourth independent circuit module
640 includes two receiver circuits, and the two receiver
circuits have two receive ports coupled with the second
port of the fourth independent circuit module 640.
[0084] The radio frequency circuit including four inde-
pendent circuit modules is illustrated in FIG. 6. The four
independent circuit modules include one first independ-
ent circuit module 610, one second independent circuit
module 620, one third independent circuit module 630,
and one fourth independent circuit module 640, where
the second independent circuit module 620, the third in-
dependent circuit module 630, and the fourth independ-
ent circuit module 640 have the same configuration.
[0085] In this implementation, the radio frequency cir-
cuit physically includes four independent circuit modules,
and three of the four independent circuit modules have
the same configuration, thus, in fact, only two types of
independent circuit modules are adopted in making the
radio frequency circuit. Moreover, a minimum number of
processing circuits are included in each independent cir-
cuit module, which further improves the simplicity and
convenience of the radio frequency circuit making.
[0086] For example, the overall architecture of the ra-
dio frequency system of an electronic device is illustrated
in FIG. 7. When the electronic device transmits data
through a frequency band Nx, the working process of the
radio frequency system is as follows. A radio frequency
transceiver 40 sends, through a transmit port
TX_CH0_Nx at the frequency band Nx, a transmit signal
to a PA of a first independent circuit module coupled with
the transmit port TX_CH0_Nx. The PA sends the transmit
signal received to a first port of the first independent cir-
cuit module through a filter and a power coupler of a
transceiver circuit. Due to the fact that a first T port of the
multiway switch 10 with which the first port is coupled is
a full coupled port supporting a signal transmission func-
tion, the first port can send four transmit signals to four
P ports through the first T port of the multiway switch 10
in the same time period. In this situation, the four P ports
transmit the four transmit signals through antennas cor-
responding to each P port, to transmit four channels of
data to external devices simultaneously.
[0087] Similarly, when the electronic device receives

data through a frequency band Ny, the working process
of the radio frequency system is as follows. The four an-
tennas send four receive signals respectively to the four
P ports of the multiway switch 10 in the same time period.
The four P ports send the four receive signals respec-
tively to four T ports of the multiway switch 10 (that is,
the four T ports can include one first T port supporting a
transmission-reception function and three second T ports
supporting a reception function). Each of the four T ports
receives one receive signal from each of the four P ports.
Each of the four T ports sends, through a first port of a
first independent circuit module or a second port of a
second independent circuit module, the receive signal to
one of four receiver circuits, where each receiver circuit
corresponds to a receive port of a frequency band Ny of
the radio frequency transceiver 40. Each receiver circuit
sends the receive signal received to the receive port of
the frequency band Ny of the radio frequency transceiver
(that is, the receive ports of the frequency band Ny are
PRx1_Ny, RX2_Ny, RX3_Ny, RX4_Ny respectively)
through an LNA and a filter, thereby implementing four
receive-signal paths of the electronic device.
[0088] It may be understood that circuits of an inde-
pendent circuit module may be diverse and will not be
uniquely limited to the embodiments of the present dis-
closure. The following provides some possible imple-
mentations.
[0089] In one possible implementation, the receiver in-
tegrated circuit includes two receiver circuits operable at
different frequency bands and integrated through a
switch of the receiver integrated circuit. The switch of the
receiver integrated circuit has an input port and two out-
put ports, the input port of the switch of the receiver in-
tegrated circuit is coupled with a corresponding second
port of an independent circuit module, and each of the
two output ports of the switch of the receiver integrated
circuit is coupled with one of two first filters of the two
receiver circuits.
[0090] In one possible implementation, the transceiver
circuit includes one receiver circuit and one transmitter
circuit operable at same frequency band and integrated
through a switch of the transceiver circuit. The receiver
circuit of the transceiver circuit includes an LNA having
an input port coupled with the switch of the transceiver
circuit, the transmitter circuit of the transceiver circuit in-
cludes a PA having an output port coupled with the switch
of the transceiver circuit, the switch of the transceiver
circuit is coupled with a second filter, the second filter is
coupled with a power coupler, and the power coupler is
coupled with the first port of an independent circuit mod-
ule.
[0091] In one possible implementation, the transceiver
integrated circuit includes two transceiver circuits oper-
able at different frequency bands and sharing an input
port of the power coupler, and the power coupler has an
output port coupled with the first port of an independent
circuit module through a switch of the transceiver inte-
grated circuit.
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[0092] In one possible implementation, a receiver cir-
cuit includes an LNA and a first filter. The first filter has
an input port coupled with a second port of an independ-
ent circuit module, the first filter has an output port cou-
pled with an input port of the LNA, and the LNA has an
output port coupled with a corresponding port of a radio
frequency (RF) transceiver.
[0093] In one possible implementation, a transmitter
circuit includes a PA, a third filter, and a power coupler.
The PA has an input port coupled with a corresponding
port of the RF transceiver, the PA has an output port
coupled with an input port of the third filter, the third filter
has an output port coupled with an input port of the power
coupler, and the power coupler has an output port cou-
pled with the first port of an independent circuit module.
[0094] The transmitter circuit may further include mul-
tiple control circuits. For example, as illustrated in FIG.
8, an independent circuit module including one transceiv-
er integrated circuit is provided. The transceiver integrat-
ed circuit can further include a double-pole double-throw
(DPDT) switch. Filters of the transceiver integrated circuit
have output ports coupled with input ports of the DPDT
switch. The DPDT switch has output ports, one end of
the output ports of the DPDT switch is grounded and the
other end of the output ports of the DPDT switch is cou-
pled with a coupling output port CPL OUT, to detect out-
put power of PAs.
[0095] In this implementation, although the physical
form of the radio frequency circuit is various, it is com-
posed of these five types of processing circuits. Moreo-
ver, the structure of the five types of processing circuits
is simple, and fewer circuit components are required,
which is advantageous for simplifying the radio frequency
circuit.
[0096] In one possible implementation, the multiway
switch is composed of field-effect transistors (FETs), and
the multiway switch includes twenty-nine FETs.
[0097] One first T port among the four T ports is a full-
coupling port. As illustrated in FIG. 9, the number of FETs
of a multiway switch is 4+(1*4+(4-1)*1)*3+4=29.
[0098] It can be seen that, by limiting the number of T
ports that are fully coupled with four P ports among the
four T ports to one, the number of switches of the radio
frequency system of the electronic device can be effec-
tively reduced. That is to say, the number of full-coupling
T ports has a great influence on the performance of the
radio frequency system.
[0099] It can be understood that the specific implemen-
tation manners of the above-mentioned receiver circuit
and the transmitter circuit may be various, and the em-
bodiment of the present disclosure is not limited. The
matching form of the above radio frequency circuit and
the multiway switch includes but is not limited to the struc-
ture of the drawing, and is merely an example herein.
[0100] In one possible implementation, the four anten-
nas include a first antenna, a second antenna, a third
antenna, and a fourth antenna. These four antennas are
all operable at a fifth generation new radio (5G NR) fre-

quency band.
[0101] The 5G NR band may include, for example, 3.3
GHz to 3.8 GHz and 4.4 GHz to 5 GHz.
[0102] In one possible implementation, the four anten-
nas include a first antenna, a second antenna, a third
antenna, and a fourth antenna. The first antenna and the
fourth antenna are antennas operable at a long term ev-
olution (LTE) frequency band and a 5G NR frequency
band. The second antenna and the third antenna are
antennas only operable at the 5G NR frequency band.
[0103] The first and fourth antennas are configured to
support DL 4x4 MIMO of some frequency bands in LTE
on terminals. These two receive antennas are shared
with the 5G NR antenna (hereinafter, "shared antennas"
for short). The LTE frequency band may include, for ex-
ample, 1880-1920 MHz and 2496-2690 MHz.
[0104] In one possible implementation, as illustrated
in FIG. 10, the antenna system further includes a first
combiner and a second combiner. The first combiner has
a first port coupled with the first antenna, a second port
coupled with a first receive path in long term evolution
4x4 multiple-input multiple-output (LTE 4x4 MIMO) con-
figuration of the electronic device, and a third port coupled
with a corresponding P port of the four P ports of the
multiway switch. The second combiner has a first port
coupled with the fourth antenna, a second port coupled
with a second receive path in LTE 4x4 MIMO configura-
tion of the electronic device, and a third port coupled with
a corresponding P port of the four P ports of the multiway
switch.
[0105] The LTE 4*4 MIMO is a downlink LTE receive
circuit and can be defined as a third receive path. Since
the LTE currently has two receive paths, in order to sup-
port LTE 4x4 MIMO, the third receive path and a fourth
receive path are added.
[0106] According to performance of the four antennas,
the electronic device will configure one antenna with bet-
ter performance for the circuit for PRX (primary receiver),
and the antenna will be in a standby state. Moreover, the
first T port in the switch having both the transmission
function and the reception function can be configured for
TX (transmit) and PRX purpose, and thus the antenna
can be switched arbitrarily. In this way, there is no need
to restrict the coupling between ports of shared antennas.
[0107] In one possible implementation, as illustrated
in FIG. 11, the antenna system further includes a first
single-pole double-throw (SPDT) switch and a second
SPDT switch. The first SPDT switch has a first port cou-
pled with the first antenna, a second port coupled with a
first receive path in LTE 4x4 MIMO configuration of the
electronic device, and a third port coupled with a corre-
sponding P port of the four P ports of the multiway switch.
The second SPDT switch has a first port coupled with
the fourth antenna, a second port coupled with a second
receive path in LTE 4x4 MIMO configuration of the elec-
tronic device, and a third port coupled with a correspond-
ing P port of the four P ports of the multiway switch.
[0108] It can be seen that, for the transmit paths and
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the receive paths of the radio frequency system of the
electronic device, the transmit paths can include one sin-
gle independent switch (a 4P4T switch) or two independ-
ent switches (a SPDT switch and a 4P4T switch), and
the receive paths can include one single independent
switch (a 4P4T switch) or two independent switches (a
SPDT switch and a 4P4T switch). That is to say, by in-
tegrating more switch functions of the transmit paths and
the receive paths of the radio frequency system into the
4P4T switch, the number of independent switches of the
transmit paths and the receive paths can be effectively
reduced.
[0109] The schemes of the disclosure can be com-
bined or replaced with each other. As an example, the
radio frequency circuit described above can be applied
or combined into the radio frequency system or the wire-
less communication device below. As another example,
the antenna system and/or the multiway switch described
above can be applied or combined into the radio frequen-
cy system and the wireless communication device below.
It is to be noted that, "the antenna system and/or the
multiway switch" of the disclosure means "the antenna
system", "the multiway switch", or "the antenna system
and the multiway switch".
[0110] FIG. 12 is a schematic structural diagram illus-
trating a radio frequency system 200 according to an em-
bodiment of the present disclosure. As illustrated in FIG.
12, the radio frequency system 200 includes an antenna
system 20, a radio frequency transceiver 40, a radio fre-
quency circuit 30 coupled with the radio frequency trans-
ceiver 40, and the multiway switch 10 according to any
of the above embodiments.
[0111] As an implementation, the multiway switch 10
includes four T ports and four P ports. The four T ports
include one first T port at least supporting a transmission
function and three second T ports supporting only a re-
ception function. The first T port is coupled with all of the
four P ports. The antenna system 20 includes four an-
tennas corresponding to the four P ports. The multiway
switch 10 is configured to enable a preset function of
transmitting an SRS through the four antennas in turn.
[0112] As another implementation, the four antennas
include a first antenna, a second antenna, a third anten-
na, and a fourth antenna. The first antenna and the fourth
antenna are antennas operable at a long term evolution
(LTE) frequency band and a fifth generation new radio
(5G NR) frequency band. The second antenna and the
third antenna are antennas only operable at the 5G NR
frequency band.
[0113] As still another implementation, the antenna
system 20 further includes a first combiner and a second
combiner. The first combiner includes a first port coupled
with the first antenna, a second port coupled with a first
receive path in long term evolution 4x4 multiple-input
multiple-output (LTE 4x4 MIMO) configuration of the ra-
dio frequency system 200, and a third port coupled with
a corresponding P port of the four P ports of the multiway
switch 10. The second combiner includes a first port cou-

pled with the fourth antenna, a second port coupled with
a second receive path in LTE 4x4 MIMO configuration of
the radio frequency system 200, and a third port coupled
with a corresponding P port of the four P ports of the
multiway switch 10.
[0114] FIG. 13 is a schematic structural diagram illus-
trating a wireless communication device 300 according
to an embodiment of the present disclosure. As illustrated
in FIG. 13, the wireless communication device 300 (for
example can be a terminal device, a network device, or
the like) includes an antenna system 20, a radio frequen-
cy transceiver 40, a radio frequency circuit 30 coupled
with the radio frequency transceiver 40, and the multiway
switch 10 according to any of the above embodiments.
[0115] As an implementation, the multiway switch 10
includes four T ports and four P ports. The four T ports
include one first T port coupled with all of the four P ports.
The antenna system 20 includes four antennas corre-
sponding to the four P ports. The multiway switch 10 is
configured to enable a preset function of transmitting an
SRS through the four antennas in turn.
[0116] As another implementation, the four T ports fur-
ther include three second T ports, each of the three sec-
ond T ports is coupled with one of the four P ports, and
any two second T ports operable at the same frequency
band are coupled with different P ports of the four P ports.
Each of the four P ports is coupled with a corresponding
antenna of the four antennas. The first T port at least
supports a transmission function. The three second T
ports only support a reception function.
[0117] In addition, as illustrated in FIG. 14, the four
antennas of the antenna system described in the embod-
iments of the disclosure can also be multiplexed by a
wireless charging receiver of the electronic device. In an
implementation, the wireless charging receiver includes
a receive antenna and a receive control circuit. The re-
ceive antenna matches transmit antennas of a wireless
charging transmitter (resonates at the same or similar
frequency and transfers energy in a wireless manner in
the way of radiative resonant magnetic coupling). The
receive control circuit converts, through a loop array an-
tenna, the energy into a direct current (DC) to output to
a battery for charging. The receive control circuit can dy-
namically adjust a frequency of the loop array antenna
and enable the frequency of the loop array antenna to
be matched with frequencies of the transmit antennas of
the wireless charging transmitter, so as to achieve paired
charging. Alternatively, the receive control circuit inter-
acts with the wireless charging transmitter in real time on
a frequency change range to implement an "exclusive
encryption" wireless charging mode.
[0118] The receive antenna may be an antenna include
at least one of four antennas (When the receive antenna
is composed more than one antenna, the antenna is
strobed via the switch between the antennas).
[0119] For example, as illustrated in FIG. 15, the re-
ceive antenna is the loop array antenna composed of
four antennas. The four antennas include antenna 1, an-
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tenna 2, antenna 3, and antenna 4. Antenna 1 and an-
tenna 4 are operable at both a LTE frequency band and
a 5G NR frequency band, while antenna 2 and antenna
3 are only operable at the 5G NR frequency band. A port
of antenna 1 and a port of antenna 4 are used as ports
of the loop array antenna. Adjacent antennas are coupled
via a gate circuit 150 with an isolation function. The gate
circuit 150 includes a spacer 151 and a switch 152, where
the spacer 151 is a conductor and the switch 152 is further
coupled with a controller. The electronic device can con-
duct the switch 152 of each gate circuit 150 in a wireless
charging mode to form a loop array antenna for receiving
energy. By adding the spacers 151 among the antennas,
the gate circuit 150 can reduce mutual coupling among
the multiple antennas of the electronic device in a normal
communication mode, improve isolation among the mul-
tiple antennas, and optimize performance of the anten-
nas. On the other hand, the multiple antennas can be
coupled in series to form the loop array antenna through
the switches 152, so as to better match the transmit an-
tennas to transfer energy. Furthermore, since the capa-
bilities of antenna 1 and antenna 4 are stronger than
those of antenna 2 and antenna 3, the loop array antenna
thus arranged can reduce energy loss in transmission as
much as possible.

Claims

1. A multiway switch (10), comprising:

four throw, T, ports and four pole, P, ports; the
four T ports comprising one first T port coupled
with all of the four P ports; and
the multiway switch being configured to be cou-
pled with a radio frequency circuit (30) and an
antenna system (20) of an electronic device
(100) operable in a dual-frequency single-trans-
mit mode, to enable a preset function of the elec-
tronic device, the antenna system comprising
four antennas corresponding to the four P ports,
and the preset function being a function of trans-
mitting a sounding reference signal, SRS,
through the four antennas in turn.

2. The multiway switch of claim 1, wherein
the four T ports further comprise three second T
ports, each of the three second T ports is coupled
with one of the four P ports, and among the three
second T ports, second T ports operable at the same
frequency band are coupled with different P ports of
the four P ports;
each of the four P ports is coupled with a correspond-
ing antenna of the four antennas;
the first T port at least supports a transmission func-
tion; and
the three second T ports only support a reception
function.

3. A radio frequency system (200), comprising an an-
tenna system (20), a radio frequency transceiver
(40), a radio frequency circuit (30) coupled with the
radio frequency transceiver (40), and a multiway
switch (10) coupled with the radio frequency circuit
and the antenna system;
the multiway switch comprising four T ports and four
P ports; the four T ports comprising one first T port
at least supporting a transmission function and three
second T ports supporting only a reception function,
and the first T port being coupled with all of the four
P ports;
the antenna system comprising four antennas cor-
responding to the four P ports; and
the multiway switch being configured to enable a pre-
set function of transmitting an SRS through the four
antennas in turn.

4. The radio frequency system of claim 3, wherein
the radio frequency circuit physically comprises one
independent circuit module; and
the independent circuit module has one transmit-re-
ceive port and receive ports, the transmit-receive
port is configured to be coupled with the first T port,
and each receive port is configured to be coupled
with a corresponding second T port.

5. The radio frequency system of claim 4, wherein the
independent circuit module comprises one first port
and second ports, the first port is configured to be
coupled with the first T port of the multiway switch,
and each second port is configured to be coupled
with one of the three second T ports of the multiway
switch;
wherein the independent circuit module comprises
one transceiver integrated circuit and three receiver
integrated circuits; wherein the transceiver integrat-
ed circuit comprises two transceiver circuits having
transmit-receive ports coupled with the first port of
the independent circuit module; wherein each of the
two transceiver circuits comprises one receiver cir-
cuit and one transmitter circuit; wherein each of the
three receiver integrated circuits comprises two re-
ceiver circuits having receive ports coupled with one
of the second ports of the independent circuit mod-
ule.

6. The radio frequency system of claim 5, wherein
the receiver integrated circuit comprises two receiver
circuits operable at different frequency bands and
integrated through a switch of the receiver integrated
circuit, the switch of the receiver integrated circuit
has an input port and two output ports, the input port
of the switch of the receiver integrated circuit is cou-
pled with a corresponding second port of the inde-
pendent circuit module, and each of the two output
ports of the switch of the receiver integrated circuit
is coupled with one of two first filters of the two re-
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ceiver circuits;
the transceiver circuit comprises one receiver circuit
and one transmitter circuit operable at the same fre-
quency band and integrated through a switch of the
transceiver circuit, the receiver circuit of the trans-
ceiver circuit comprises a low-noise amplifier, LNA,
having an input port coupled with the switch of the
transceiver circuit, the transmitter circuit of the trans-
ceiver circuit comprises a power amplifier, PA, hav-
ing an output port coupled with the switch of the
transceiver circuit, the switch of the transceiver cir-
cuit is coupled with a second filter, the second filter
is coupled with a power coupler, and the power cou-
pler is coupled with the first port of the independent
circuit module; and
the transceiver integrated circuit comprises two
transceiver circuits operable at different frequency
bands and sharing an input port of the power coupler,
and the power coupler has an output port coupled
with the first port of the independent circuit module
through a switch of the transceiver integrated circuit.

7. The radio frequency system of claim 3, wherein
the radio frequency circuit physically comprises two
independent circuit modules; and
the two independent circuit modules have one trans-
mit-receive port and receive ports, the transmit-re-
ceive port is configured to be coupled with the first
T port, and each receive port is configured to be cou-
pled with a corresponding second T port.

8. The radio frequency system of claim 7, wherein the
two independent circuit modules comprise one first
independent circuit module and one second inde-
pendent circuit module; wherein the first independ-
ent circuit module comprises one first port configured
to be coupled with the first T port of the multiway
switch, and the second independent circuit module
comprises second ports and each second port is
configured to be coupled with one of the three second
T ports of the multiway switch;
wherein the first independent circuit module com-
prises one transceiver integrated circuit, and the
transceiver integrated circuit comprises two trans-
ceiver circuits having transmit-receive ports coupled
with the first port of the first independent circuit mod-
ule; wherein each of the two transceiver circuits com-
prises one receiver circuit and one transmitter circuit;
and
wherein the second independent circuit module
comprises three receiver integrated circuits, and
each of the three receiver integrated circuits com-
prises two receiver circuits having receive ports cou-
pled with one of the second ports of the second in-
dependent circuit module.

9. The radio frequency system of claim 7, wherein the
two independent circuit modules comprise one first

independent circuit module and one second inde-
pendent circuit module; wherein the first independ-
ent circuit module comprises one first port and one
second port, the first port is configured to be coupled
with the first T port of the multiway switch, and the
second port of the first independent circuit module
is configured to be coupled with one of the three sec-
ond T ports of the multiway switch; wherein the sec-
ond independent circuit module comprises second
ports, and each second port is configured to be cou-
pled with one of the three second T ports of the mul-
tiway switch;
wherein the first independent circuit module com-
prises one transceiver integrated circuit and one re-
ceiver integrated circuit; wherein the transceiver in-
tegrated circuit comprises two transceiver circuits
having transmit-receive ports coupled with the first
port of the first independent circuit module; wherein
each of the two transceiver circuits comprises one
receiver circuit and one transmitter circuit; wherein
the receiver integrated circuit of the first independent
circuit module comprises two receiver circuits having
receive ports coupled with the second port of the first
independent circuit module; and
wherein the second independent circuit module
comprises two receiver integrated circuits; wherein
each receiver integrated circuit of the second inde-
pendent circuit module comprises two receiver cir-
cuits having receive ports coupled with one of the
second ports of the second independent circuit mod-
ule.

10. The radio frequency system of claim 7, wherein the
two independent circuit modules comprise one first
independent circuit module and one second inde-
pendent circuit module; wherein the first independ-
ent circuit module comprises one first port and sec-
ond ports, the first port is configured to be coupled
with the first T port of the multiway switch, and each
second port of the first independent circuit module
is configured to be coupled with one of the three sec-
ond T ports of the multiway switch; wherein the sec-
ond independent circuit module comprises one sec-
ond port, and the second port is configured to be
coupled with one of the three second T ports of the
multiway switch;
wherein the first independent circuit module com-
prises one transceiver integrated circuit and two re-
ceiver integrated circuits; wherein the transceiver in-
tegrated circuit comprises two transceiver circuits
having transmit-receive ports coupled with the first
port of the first independent circuit module; wherein
each of the two transceiver circuits comprises one
receiver circuit and one transmitter circuit; wherein
each receiver integrated circuit of the first independ-
ent circuit module comprises two receiver circuits
having receive ports coupled with one of the second
ports of the first independent circuit module; and
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wherein the second independent circuit module
comprises one receiver integrated circuit; wherein
the receiver integrated circuit of the second inde-
pendent circuit module comprises two receiver cir-
cuits having receive ports coupled with the second
port of the second independent circuit module.

11. The radio frequency system of claim 3, wherein
the radio frequency circuit physically comprises
three independent circuit modules; and
the three independent circuit modules have one
transmit-receive port and receive ports, the transmit-
receive port is configured to be coupled with the first
T port, each receive port is configured to be coupled
with a corresponding second T port.

12. The radio frequency system of claim 11, wherein the
three independent circuit modules comprise one first
independent circuit module, one second independ-
ent circuit module, and one third independent circuit
module; wherein the first independent circuit module
comprises one first port configured to be coupled
with the first T port of the multiway switch; wherein
the second independent circuit module comprises
second ports and the third independent circuit mod-
ule comprises one second port, and each second
port is configured to be coupled with one of the three
second T ports of the multiway switch;
wherein the first independent circuit module com-
prises one transceiver integrated circuit; wherein the
transceiver integrated circuit comprises two trans-
ceiver circuits having transmit-receive ports coupled
with the first port of the first independent circuit mod-
ule; wherein each of the two transceiver circuits com-
prises one receiver circuit and one transmitter circuit;
wherein the second independent circuit module
comprises two receiver integrated circuits; wherein
each receiver integrated circuit of the second inde-
pendent circuit module comprises two receiver cir-
cuits having receive ports coupled with one of the
second ports of the second independent circuit mod-
ule; and
wherein the third independent circuit module com-
prises one receiver integrated circuit; wherein the
receiver integrated circuit of the third independent
circuit module comprises two receiver circuits having
receive ports coupled with the second port of the
third independent circuit module.

13. The radio frequency system of claim 11, wherein the
three independent circuit modules comprise one first
independent circuit module, one second independ-
ent circuit module, and one third independent circuit
module; wherein the first independent circuit module
comprises one first port and one second port, the
first port is configured to be coupled with the first T
port of the multiway switch, and the second port of
the first independent circuit module is configured to

be coupled with one of the three second T ports of
the multiway switch; wherein the second independ-
ent circuit module and the third independent circuit
module each comprise one second port, and each
second port is configured to be coupled with one of
the three second T ports of the multiway switch;
wherein the first independent circuit module com-
prises one transceiver integrated circuit and one re-
ceiver integrated circuit; wherein the transceiver in-
tegrated circuit comprises two transceiver circuits
having transmit-receive ports coupled with the first
port of the first independent circuit module; wherein
each of the two transceiver circuits comprises one
receiver circuit and one transmitter circuit; wherein
the receiver integrated circuit of the first independent
circuit module comprises two receiver circuits having
receive ports coupled with the second port of the first
independent circuit module;
wherein the second independent circuit module
comprises one receiver integrated circuit; wherein
the receiver integrated circuit of the second inde-
pendent circuit module comprises two receiver cir-
cuits having receive ports coupled with the second
port of the second independent circuit module; and
wherein the third independent circuit module com-
prises one receiver integrated circuit; wherein the
receiver integrated circuit of the third independent
circuit module comprises two receiver circuits having
receive ports coupled with the second port of the
third independent circuit module.

14. The radio frequency system of claim 3, wherein
the radio frequency circuit physically comprises four
independent circuit modules; and
the four independent circuit modules have one trans-
mit-receive port and receive ports, the transmit-re-
ceive port is configured to be coupled with the first
T port, each receive port is configured to be coupled
with a corresponding second T port.

15. A wireless communication device (300), comprising
a radio frequency transceiver (40), a radio frequency
circuit (30) coupled with the radio frequency trans-
ceiver (40), an antenna system (20), and the multi-
way switch (10) of claim 1 or 2.

25 26 



EP 3 540 965 A1

15



EP 3 540 965 A1

16



EP 3 540 965 A1

17



EP 3 540 965 A1

18



EP 3 540 965 A1

19



EP 3 540 965 A1

20



EP 3 540 965 A1

21



EP 3 540 965 A1

22



EP 3 540 965 A1

23



EP 3 540 965 A1

24



EP 3 540 965 A1

25



EP 3 540 965 A1

26



EP 3 540 965 A1

27



EP 3 540 965 A1

28

5

10

15

20

25

30

35

40

45

50

55



EP 3 540 965 A1

29

5

10

15

20

25

30

35

40

45

50

55



EP 3 540 965 A1

30

5

10

15

20

25

30

35

40

45

50

55


	bibliography
	abstract
	description
	claims
	drawings
	search report

